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The goal of this bachelor thesis is to describe current technological trends in the airline 
industry and outline the expected future development in the aviation sector. The 
introduction starts with brief overview of aviation history followed by short depiction of a 
modern age aircraft. The next chapter deals with green technology and sustainability of 
aviation with focus on 3D printing, alternative jet fuel and two types of modern engines- 
Leap engine by CFM and geared turbofan by Pratt&Whitney. Third chapter about safety 
technology covers Ground Proximity Warning System and runway sensors. The following 
chapter focuses on current changes in maintenance technology regarding the growth of 
Internet of Things. In the last chapter, the reader is introduced to the expected future 
development of aviation.  
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  Cílem této bakalářské práce je popsat současné trendy v leteckém průmyslu a 
nastínit předpokládaný budoucí vývoj v této oblasti. Úvod práce začíná stručným shrnutím 
historie letectví, které je následováno krátkým popisem současného leteckého průmyslu. 
Další kapitola se zabývá ekologickými technologiemi a udržitelností letectví se zaměřením 
na 3D tisk, ekologické letecké palivo a 2 rozdílné typy proudového motoru: LEAP od 
společnosti CFM a Geared turbofan od Pratt&Whitney. Následuje třetí kapitolou s 
přehledem bezpečnostních technologií ve které je popsán systém GPWS a senzory 
snímající kontaminaci ranveje. Další kapitola se pak zabývá aktuálními změnami v 
technologiích údržby, způsobenými rostoucím trendem Internetu věcí. Poslední kapitola 
čtenáři odhaluje předpokládaný budoucí vývoj leteckého průmyslu.   
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On December 17, 1903, Wright brothers successfully completed the first engine – 
powered flight. The flyer – as their airplane was named – stayed airborne for 59 seconds, 
covering the distance of 260 meters which was unheard of at that time. It was constructed 
from wooden frame covered by fabric for better aerodynamic properties and powered by 
12.5 horsepower engine. Featuring several innovations, such as use of cast aluminium block 
or the use of rotating propellers to generate thrust, Flyer laid the foundations for modern 
day aviation.  
Wright brothers started a worldwide lust for improvement of aviation technology which 
escalated even more by the vision of using planes for military purposes. By the end of 
twenties, British Supermarine S.6 already reached the speeds over 528 km/h and became 
predecessor of the famous Spitfire fighter aircraft. The introduction of first airlines in 1919 
and following innovations led by the National Advisory Committee for Aeronautics 
(NACA – forerunner of NASA) opened the benefits of aviation to the upper class, slowly 
forming the sector of commercial aviation. The airplane which really brought flight to the 
masses was Douglas DC – 3 introduced in 1935 of which more than 13 000 were built over 
its 10 years production period. The aircraft was praised by the pilots for its forgiveness of 
errors and by the passengers for its trustworthy performance and luxury services onboard. 
It was a true marvel of its age proven by the fact that an estimated 172 exemplars according 
to Michael Prophet are still in service today, used by the military or to transport passengers 
and cargo in remote locations.  




Figure 1: Douglas DC – 3 (Jim Koepnick via Vintage Airplane, September 2006.)   
Modern day aircrafts are however very different machines. Since the debut of jet engine 
on commercial aircraft in the 50s, silhouette of an aircraft undergone only slight alteration 
and rather than changing a working concept, manufacturers started improving the 
technologies. Refined engines with better fuel economy allowed for lowering the ticket 
prices and as consequence, people started taking leisure flights as the preferred form of 
holiday transport. The increased interest provided more cashflow to the airlines and the 
number of aircraft grew substantially together with their size.   
Nowadays, Airbus A380, a new generation widebody aircraft can accommodate more 
than 800 passengers in full economy configuration and allows for a maximum take-off 
weight of 575 tonnes. Such giant aircrafts are however not so sought after as they once were 
with the interest turning towards smaller, more cost-effective aircrafts with lower carbon 
footprint. As the worldwide global warming awareness grew over the last few decades, 




1 CO2 reduction technology  
In year 2019, humankind produced over 43 billion tonnes of CO2.  From this 
unimaginable number, aviation industry accounts just for 915 million, which is roughly 2.1 
%, however with 5.5% annual increase in emissions per passenger - kilometre, aviation is 
the fastest growing producer of greenhouse gas emissions. To provide a more accurate idea 
about the number of emissions produced by aviation, lets imagine Boeing 737 – 400 with 
average number of people onboard performing a single flight from Brno to Madrid. This 
flight with length of 1857 km produces 213.5 kg of CO2 per passenger which is comparable 
with the amount of CO2 produced by lighting an average Czech household for a year. 
Although these numbers are quite alarming considering the subsiding carbon budget of the 
Earth, strict measures to prevent the increasing carbon footprint of aviation are being taken, 
mainly by International Civil Aviation Organization (ICAO). ICAO separates emission – 
reduction related initiatives into three sectors incorporated in their tracker tool system - 
Technology, Operations and Sustainable Aviation Fuels. The technology tracker is 
categorized into four groups according to the classification below.  
  
Figure 2: CO2 reduction technology tracker division (ICAO, n.d.)  
The main focus of the industry is to standardize hybrid propulsion or, even better, full 
electrification of aircrafts. This goal is partly driven by success of electrification in other 
parts of transport sector, such as automotive or rail industry, combined with undeniable 
economic and ecological advantages of the solution. However, with current technology it 
is impossible to produce batteries with enough energy density to achieve desirable power 
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to weight ratio and for that reason, full electric aircrafts are estimated to be in service no 
sooner than 2040s. Current trends are more oriented towards aerodynamics, weight 
reduction or jet engine improvements.  
    
1.1 3D printed parts  
 "3D printing or additive manufacturing is a process of making three dimensional solid 
objects from a digital file" (What is 3D printing?, n.d.). The printer adds material layer by 
layer until the object is finished. In its beginnings, it was thought that this technology, 
originally printing just from polymers, is only suitable for faster creation of prototype 
models, however as the technology matured, its true potential became apparent. Currently, 
the palette of ‘printable’ materials is immense and ranges from chocolate to steel. It was 
the possibility of using metals and metal alloys for 3D printing which brought the 
technology under the radar of the industry as the use of additive manufacturing have 
numerous benefits.   
While subtractive manufacturing is well established in all sectors of the industry, the 
technique has high material consumption since an object is machined from a solid piece of 
metal by milling the extra material away. In case of additive manufacturing, the volume of 
used material roughly equals the volume of the final product. However, as AM uses metal 
in powder form, the material undergoes the process of atomisation in which it is melted and 
transformed into powder by gas or plasma. Production of the metal powder is quite complex 
and energy consuming, but the same applies to the milling process used in SM. In the end, 
it is the complexity of the desired component which decides in favour of one or the other. 
Ragged parts are more suitable for AM since SM would produce too much waste, but 
milling process is still competent for production of simpler designs.   
Best example of AM technology adoption in aviation is a mass production of 3D printed 
fuel nozzles by GE aviation for the LEAP engine. The production site established in 2015 
pioneered high volume AM production in aviation sector with milestone of 30 000 3D 
printed fuel nozzles reached in 2018. A fuel nozzle is a component which sprays jet fuel 
into the combustor with high precision as any inconsistency in the spray pattern could shift 
the combustion flame closer to the side of the combustor resulting in overheating and 
possible fail of the component. For this reason, geometry of this part is relatively complex 
and manufacturing process must be performed with high precision. To achieve this by SM, 
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20 parts were milled separately and then welded together. Use of AM allowed combining 
these parts into 25% lighter and 5 times more durable single unit with shorter production 
time and lower cost.   
  
Figure 3: 3D printed fuel nozzle for the LEAP engine (GE additive, 2018)  
Since its first certification for commercial flight in 2015, AM simplified manufacturing 
of variety of component design which were virtually impossible to make using conventional 
methods and therefore made a pathway for more creative design approaches while also 
providing less time consuming and more cost-effective way of bringing such designs into 
production. With further incorporation of the technology, aircraft manufacturers (Boeing) 
hope to achieve from 2 to 3 million dollars savings per aircraft production and additional 
benefits during a lifetime of a plane as lighter parts contribute to fuel savings. According 
to Rolf Steinegger, reduction in weight by one kg saves ~ 0.02 to 0.03 kg of fuel per 1’000 
km. These savings might seem negligible, but a commercial aircraft is built to fly millions 
of kms in its lifetime, so these savings add up.  
1.2 Alternative jet fuel  
Even though wide variety of alternative propellants including hydrogen, compressed 
natural gas or diesel was already tried and tested in the history of aviation, none of these 
options found much success in the long term since they did not offer desirable levels of 
safety or efficiency. While these options are widely viable in car sector, applicability in 
aviation have more to overcome due to higher safety and performance requirements.  
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Jet fuel used in commercial aviation is kerosene - based, high - energy - density fuel 
with few additives, preventing fuel freeze, uncontrolled ignition or forming of deposits. 
Being a fossil fuel, its amount is not infinite and with lower availability in the future, the 
prices will grow rapidly. Another issue is the number of emissions which are produced from 
production and burn of this fuel. For these reasons, development of renewable and 
sustainable alternative is addressed globally, but is still in first phases since the feasibility 
of sustainable jet fuel (SAF) depends on many factors. Current jet fuel standards commit 
any new fuel to provide compatibility with current aircraft technology as the finances and 
time needed for aircraft changes would offset the benefits of lower running costs. Blends 
of classic fuel and sustainable fuel which keep the kerosene properties, so called drop-in 
fuels, are therefore the only solution feasible in a near future. To maintain the kerosene 
characteristics and to suit the standards, jet fuel can contain up to 50% renewable 
hydrocarbon biofuel which can be produced from wide array of feedstock including 
industrial wastes, fats, sugars, algae, and biomass.   
Until now, 7 production pathways of SAF have been certified with many more 
emerging technologies in testing process. SAF produced from biomass achieves the highest 
reduction of emissions since the CO2 generated during combustion is absorbed by the 
plants from which the fuel is produced, in addition different sources of biomass can be 
grown and harvested all around the world which contrasts with narrower accessibility of 
crude oil. If all savings during the production process are considered, SAF has potential to 
achieve carbon neutral growth of aviation with 63% life cycle emission savings (ICAO, 
2016). Further, normalization of SAF could offer new work opportunities in developing 
countries as distribution of feedstock such as residual waste is high in these areas. In 
conclusion, with the wide range of feedstock which can be converted into fuel and with 
working manufacturing processes, SAF is one of the most promising paths for reduction of 
aviation emissions. However as standard jet fuel is well established and cheap to produce, 
SAF needs global support for further standardization of the technology to become 
competent.  
Recently, things are gaining momentum with Munich Airport (2021) stating that “green 
kerosene will be available to refuel aircraft at the airport from 1st June 2021 after thorough 
technical testing. This means that sustainable aviation fuels (SAF) can now be delivered, 
stored and refuelled at the airport, provided they meet the relevant quality specifications 
for Jet-A1 aviation fuel.”  
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1.3 Leap engine  
Propulsion system of an aircraft is arguably its most important part. The main task of 
propulsion is to generate thrust to overcome the drag of an aircraft and create enough excess 
thrust to accelerate the aircraft. It was the turbofan engine which achieved this task with 
lower fuel burn and therefore allowed to cover greater distances. Since its first appearance 
in the 50s, turbofan undergone many improvements, the most significant being the 
reduction of engine core size, which allowed for higher bypass of air through the engine. 
As a result, the fuel consumption was lowered by 40%. Nowadays, advancements in 
materials and technology allow for further improvements which were unobtainable even 
few years ago.   
LEAP engine manufactured by CFM international is a prime example of this 
development. Mounted to Boeing 737 MAX with slight changes to the airframe improving 
aerodynamics over classic 737, it accounts for most of 737 MAX 15% lower fuel 
consumption. In addition, NOx emissions were decreased by 50% and noise levels by 75% 
over other advanced turbofans. The engine utilizes 18 3-D woven carbon fiber composite 
fan blades with titanium leading edges for greater impact resistance. 3-D woven method 
prevents delamination and provides improved vibration damping for longer lifetime 
together with lower production costs over solid composites. This material is further used 
for fan casing to achieve a total of 500 kg savings per aircraft. Other improvements boosting 
the fuel economy include high bypass ratio of 11:1 achieved by larger fan diameter. To not 
overload the engine, high pressure turbine is operating at higher temperatures and the air is 
compressed 22x at the exit of the compressor which requires the use of ceramic coatings to 
withstand these conditions. Even though the engine uses all the above-mentioned 
technologies, the maintenance costs are said to be lower or in line with their previous CFM 
56 engine.   
1.4 Geared turbofan  
Classic turbofan design incorporates high pressure shaft and low-pressure shaft to 
which the fan is connected, therefore the fan and low-pressure turbine with compressor 
must operate at same revolutions per minute (rpm). Given the larger diameter of the fan, 
speed on the tips of the fan blades is substantially higher than the speed of rotors in the 
turbine, creating strong centrifugal force and excessive noise when the fan tips break the 
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sound barrier. For these reasons, low pressure turbine has additional stages which slow 
down the fan to around 3000 RPM. In consequence, the low-pressure shaft cannot rotate at 
optimal operating speed. With the general trend towards higher bypass engines, the size 
difference between fan and low-pressure turbine requires further reduction of low-pressure 
shaft RPMs to maintain reasonable speed at the fan tips. Large turbofans often use third 
shaft to power the fan from a separate turbine and allow the low-pressure compressor and 
turbine, which is in this configuration called intermediate pressure compressor and turbine, 
to run closer to its optimal speed.   
By adding planetary gearbox between the fan and the low-pressure shaft, geared 
turbofan allows each component to run at its optimal speed and reduces the need 
for additional lp compressor and turbine stages. The idea of using gearbox in a jet engine 
was initially exploited in the 2nd half of 20th century with first production engine – the 
Garrett TFE 731-2 in use from 1972. Pratt & Whitney PW1000G turbofan engine is the 
newest production iteration of the concept. Gear reduction of three to one allows the fan 
to run much slower than the rest of the lp shaft resulting in noise reduction of up to 75% 
(according to P&W) and the pressure acting on the fan blades is reduced by great 
extent. Same applies for the tensile strength requirement resulting in industry’s first use 
of aluminium as the material of choice for fan blades. Eric Roegner, COO of Alcoa – Metal 
engineering company manufacturing the aluminium blades – mentioned that the main 
advantages of using alloys are its affordability and 2% aerodynamic efficiency 
improvement compared to carbon-fibre composites while maintaining lower weight than 
titanium, although this metal is still used in trailing edge for its resistance to 
water erosion. Implementation of the engine on Airbus A320 resulted in 16% reduction in 
fuel burn compared to the previous P&W offerings. According to Pratt & Whitney 
president Robert Leduc, this improvement was achieved mainly by the gearbox, leaving 
space for further improvement of 6-7% by upgrading the core, adapting similar 
technologies to those used in CFM’s Leap engine which achieved its 15% fuel 
improvement solely by the advanced core and light materials.  
 
2 Safety technology  
Even Though aviation is one of the most technologically advanced industries, 
paradoxically it is also industry with very conservative approach to innovations driven by 
high safety requirements. Thanks to this, flying is one of the safest means of transport with 
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decreasing trend in number of accidents, even though the volume of air transport is growing 
rapidly. Improving safety technology is still aviation’s main objective despite the already 
high standards in all layers of the industry.   
After 9/11, airports implemented more thorough passenger controls including baggage 
screening and any item which could be weaponized was banned from being taken on board. 
To minimize accidents caused by human error, pilots are trained on advanced flight 
simulators and airplanes are equipped with autopilots and technologies that alert pilots to 
potential problems. Weather threats were addressed and minimized by onboard weather 
radars able to detect certain types of turbulences and giving the pilots time to avoid storms. 
In the future, we will see further implementation of augmented reality and artificial 
intelligence into the cockpit, giving the pilot means to detect threats unseen to the human 
eye and guiding the flight as another co-pilot.  
2.1 Ground Proximity Warning System 
Before the adaption of modern technologies, controlled flight into terrain (CFIT) caused 
numerous fatal accidents. According to International Air Transport Association (IATA) 
(2021), CFIT refers to “accidents in which there was an in-flight collision with terrain, 
water, or obstacle, without indication of loss of control.” In other words, the collision with 
terrain occurs due to human error rather than technical malfunction. Introduction of 
mandatory Ground Proximity Warning System (GPWS) in 1974 reduced the number of 
CFIT accidents. However, many of these accidents still occurred due to imperfections of 
the GRWS system. The mechanism behind GPWS relied on altitude calculation from signal 
waves transmitted by radio altimeter, which was positioned on the downside of the fuselage, 
able to track only the distance between the aircraft and the ground directly below it. For 
this reason, when an obstacle such as a mountain or a high building appeared in the flight 
path, the system was not able to warn the pilot of the approaching obstacle in time. Still, it 
was a major safety improvement as it also indicated excessive descent rate, improper 
configuration of landing gear or sudden deviation in ascent rate. 
Enhanced version of GPWS or simply EGPWS was introduced in 1996. In comparison 
with its predecessor, the technological gap of 22 years brought many new functions. The 
system no longer relied solely on altimeter data but rather on exact position of the aircraft 
provided by GPS combined with incorporated detailed terrain database which includes man 
made objects. By tracking the flight path and calculating the trajectory of an aircraft the 
system estimates which terrain ripples could mean a potential threat to the aircraft. Profile 
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of the terrain is displayed on a screen in the cockpit in shades of green, orange and red 
according to the distance from the trajectory and possible hazard.  
The introduction of GPS and terrain database allowed to give a warning to the pilot with 
more advance, but most importantly enabled the pilot to spot potential danger laying in 
front of the aircraft, eliminating the main flaws of the previous versions. However, the 
system is still not flawless as the terrain database is often composed of various sources and 
includes inaccuracies which can be eliminated only by thorough observations of the current 
system, resulting in corrections and adjustments in the future updates. 
2.2 Realtime runway sensors 
After the number of CFIT accidents was successfully minimized, the focus could be 
shifted towards another issue. Challenging weather conditions are the most frequent cause 
of flight delays or cancellations as flying in snowstorms or strong winds is dangerous and 
often impossible. Even though each delay means extra expenses for the airline, damages to 
the aircraft or an accident, in the worst case, is not a risk worth taking. Still, many accidents 
happen. Complications occur mostly during take-off and landing due to wind gusts, fog or, 
most frequently, weather affected runway surface. Even though the weather cannot be 
controlled, some of the modern state-of-the-art technologies come very close.  
More profound Runway surface monitoring will be obligatory on global scale starting 
on 4th November 2021 as a part of New Global Reporting Format (GRF) initiated by ICAO. 
In words of ICAO Deputy Regional Director Nika Meheza Manzi (2019), the goal is to 
adopt “common language between all actors of the system that is based on the impact on 
aeroplane performance of the runway surface condition.” Implementation of GRF will 
require cooperation of states to achieve united reporting methodology which will ultimately 
translate into systematized Runway condition report (RCR) consisting of information 
regarding type of runway contamination for each third of the runway and presumed impact 
on the aircraft. 
Wellington Airport was one of the first to adopt real time monitoring system connected 
to runway sensors in accordance with GRF. The system provided by Metservice is 
composed of nine sensors which are collecting information about temperature, moisture or 
ice conditions that are then transmitted to Integrated Operations Centre. In the future, it 
should even be possible to send the data straight to the cockpit. Runway inspection vehicles 




Figure 4: Runway sensor (Wellington Airport, 2020) 
As the development of such system is demanding on both money and time and the 
deadline is slowly approaching, some companies have recourse to modifications of their 
already existing sensors. Finnish industry-leading company Vaisala, specialising in 
weather, environmental and industrial measurements developed MD30 Mobile Detector 
primarily for snowploughs, but it can be retrofitted to any other vehicle and its measuring 
capabilities meet the ICAO standards. Collected data about the type of surface 
contamination can be viewed in text form complemented by video for better judgement via 
a smartphone app. In comparison with sensors embedded in the runway surface which 
collect data all the time, MD30 relies on the presence of airport vehicles. However, its 
simplicity of installation and affordability combined with user friendly software 
environment may prove convenient to airports which are trying to satisfy GRF requirements 
in time.  
Hopefully, normalization of runway monitoring will lead to reduction of the number of 
runway excursions and will achieve improved aviation safety similarly to ground proximity 
warning system which prevented many collisions with the ground over the years. With 
Internet of things being continuously incorporated into aviation, it is expected that runway 
condition tracking systems will be guiding pilots during landing and take-off and will 
become a standard part of the cockpit in the immediate future. 
3 Internet of things   
The Internet of things (Iot) can be described as a network of all objects which are able 
to exchange data between each other without human interaction. These devices equipped 
with sensors range from smart appliances which can be controlled via smartphone in our 
households to modern cars with automatic park assist. Iot devices are simply making our 
lives easier with automatization of daily tasks. Utilization of IoT for industry purposes is 
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however much more complex than standard IoT usage, main difference being the amount 
of exchanged data and broader diversity of use.   
In aviation industry, 500 Gb of data can be generated during a single flight and this 
number is increasing with implementation of new sensors. Even the previous generation of 
aircrafts had ability to collect data about engine operations, fuel consumption and much 
more, but had limits for its use. It was known that potential of the data is much greater. 
Nowadays with advanced big data analytics and ability to transfer data from on-board 
sensors to control tower mid-flight, IoT is slowly changing all sectors of the industry. 
Analysed data from onboard sensors can be used to improve fuel efficiency by optimizing 
engine performance for different phases of a flight, or to improve reliability of components 
by collecting data from high stress situations whereas databases containing wide range of 
information can select the most efficient flight route and suitable type of aircraft for the 
given route. Data analytics also improve customer service and efficiency of pre-flight and 
post-flight procedures.  
Summarized, if used correctly, the wide spectrum of information collected by IoT 
devices have the capacity to extract better performance from current technology while also 
simplifying many operations and increasing profit of airlines. One of the biggest additional 
costs for airlines comes from flight delays and is estimated to be $8 billion a year according 
to Federal Aviation Administration. Unforeseen technical issue found during the final 
check before departure is still one of the frequent reasons for delay, even though 
precautionary measures and scheduled work contrives to prevent most of the failures.   
3.1 Predictive maintenance 
In the past, maintenance of an aircraft was done either reactively or preventively. As 
the industry evolved, new technologies were brought to market at such rate that it was 
impossible to collect needed experience to accurately predict the lifetime of a component 
which resulted in maintenance often being performed too late, when a failure had already 
occurred. Airlines soon discovered that it was more beneficial to prevent these failures by 
replacing every component after a certain time in service, though it sometimes meant 
replacing a perfectly working component that could serve its function for a long time to 
come. 
As stated by Boeing Regional Director Randy Heisei (2002), “depending on airplane 
age, type, and range, maintenance costs typically represent 10 to 20 percent of direct 
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operating costs.” This cost can now be significantly reduced by the application of predictive 
analytics which already proved useful in retail and marketing strategies. Predictive 
analytics use machine learning algorithms to find patterns in data regularly sent to cloud 
storage by sensors and similar devices. Such infrastructure requires considerable initial 
investment but should prove profitable in a long-term period. For example, if a sensor in a 
flying aircraft detects a problem, modern systems able to stream data in real time can 
evaluate the data while the aircraft is still airborne and by the time it lands, a technical 
support with detailed instructions can already be waiting at the airport. Since all the 
measuring devices can communicate with each other, it is possible to display an actual 
health of the whole fleet. Moreover, the accuracy of life cycle prediction and many other 
information will be strengthened as more data is recorded.  
3.2 Prescriptive maintenance 
Current shift from predictive towards prescriptive maintenance could not only reduce 
the time an aircraft is out of service, but also extend lifetime of various components. While 
predictive maintenance uses machine learning systems to identify data patterns for 
prognosis of potential component failure, prescriptive maintenance provides steps to follow 
for optimal solution of each problem. After analysing the collected data from a component, 
lifetime of the part is calculated. By then considering its significance, total time in operation 
and many other factors, the software evaluates consequences of the predicted failure as well 
as the optimal steps to prevent it. MRO survey carried out by Oliver Wyman in 2016 
suggests that the global fleet could generate 98 million terabytes of data by 2026 (2016). 
Such big data capable of providing refinement in majority of operations is not processable 
by human brain or Excel sheets, therefore further development of IT is necessary. 
Despite the numerous benefits prescriptive maintenance could provide to aviation 
sector, its implementation requires costly software changes and employment of skilled staff 
for system aftercare. Combined with alteration of regular maintenance processes required 
by Federal Aviation Administration (FAA) to satisfy all safety standards which would be 
needed to take full advantage of PM, global implementation still has a long way to go. 
3.3 Drone inspection 
Inspection of an aircraft is a mandatory procedure which is carried out by pilots before 
each flight to ensure the aircraft does not show any signs of damage on its exterior. 
According to Skybrary (2020), this type of inspection typically includes, amongst other 
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tasks, control of brake wear indicators, tire condition, integrity of the fuselage and lookout 
for foreign objects. Pre-flight inspection is typically not too time-consuming and can be 
executed from the ground. However, inspections after bird collision or lightning strike 
where damage is expected can take up to 6 hours and demand use of heavy machinery to 
check for damage on the tail or the top of the fuselage.  
In 2015, British low-cost airliner EasyJet pioneered the use of drones for aircraft 
inspection with great results. A quadcopter from Blue Bear Systems was programmed to 
follow a predefined flight path around an Airbus A320 and scan the airframe. Pictures taken 
by the drone are then evaluated by engineers. As EasyJet found that drone inspection can 
reduce the downtime of an aircraft by performing the inspections in fraction of time, many 
other companies soon followed in its steps. Airbus developed its own inspection drone 
under its company Testia, which is “specialised in Aerostructure inspections and integrity 
and Aerospace Non-destructive Testing” (Testia, 2020). In 30 minutes, the drone collects 
pictures of the aircraft which are then uploaded to inspection software which will recognize 
parts of aircraft that show signs of damage by comparing the pictures with database from 
previous inspections. Finally, the software concludes the inspection by creating an 
automatic report. 
Although the drones are not yet standardized, it is an emerging market with high 
potential to become a norm in a near future. As such, companies are racing to offer the most 
effective and intuitive solution which can be sold as a complete packet to convince the 
airlines to invest into new technology. Mainblades is a Netherlands based company which 
specializes in developing inspection drones since 2017, but their initial idea goes back to 
2013. According to the CEO, Dejan Borota (2020) the greatest challenge is to achieve 
global certification and conform to standard maintenance procedures, regulations, and 
safety requirements. To achieve this, Mainblades must find industry partners to leverage 
FAA (Federal Aviation Administration) and EASA (European Union Aviation Safety 
Agency) to easy the drone regulations in airport environment.  
Their drone is compatible with any aircraft type and was recently updated to be 
operatable outside of controlled hangar environment by fulfilling IP67 waterproof 
standards. The flight path is fully automated including take-off and landing, and any 
instructed person can carry out the inspection as all needed equipment comes in one box 
including iPad with specialized application interface. Any irregularity found on the 




4 Future  
With some new technologies already in their final stages of testing, many aspects of the 
usual aircraft concept will change in a near future. All forms of transport are continuously 
undergoing modernization and in the age of digital technology and electrification, aviation 
is no longer the pioneer of innovation as it once was.   
While electrification is gaining momentum in automotive industry, introduction of 
battery technology suitable for aviation use is still some time away. However, digital 
technologies such as automation, in-flight connectivity or artificial intelligence are already 
present, and their influence will increase with intensified testing. Aviation is also expected 
to enter in-city transport sector. Dubai is currently planning sky corridors for drone taxis 
which are being tested in the city since 2017. For now, autonomous drones are limited to 
carrying cargo, but in the not-so-distant future, urban air mobility is expected to take off.  
    
4.1 Transonic Truss-Braced Wing aircraft concept  
Every aircraft is designed with the aim of improving its aerodynamics to reduce drag 
and even though some new aircraft concepts proved to be competitive in this regard, 
commercial aircraft manufacturers still stay loyal to the classic silhouette consisting of two 
wings, cylindrical fuselage, and conventional tail design. This uniformity across the 
commercial sector may implicate superiority of the said design, but as usual, the reality is 
more complicated.   
Number of remarkable aircrafts was designed throughout the aviation history but solely 
fraction of them made it past the concept stage due to demanding certification process. To 
be convenient for mass production, aircraft design must be innovative enough to have 
benefits, but conservative enough to be usable with current airport infrastructure. Such 
challenging task may be accomplished by Boeing and their Transonic Truss-Braced Wing 
(TTBW) aircraft. Dating back to 2010 when Boeing joined forces with NASA on the 
Subsonic Ultra Green Aircraft Research (SUGAR), 4th iteration of the project is already 
being tested.  
In current configuration, the aircraft saves 9% of fuel over conventional aircraft with 
similar fuselage size (Boeing 737). This was achieved primarily by implementing 
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redesigned wings with large 51m wingspan which together with its thin design creates a 
very high aspect ratio. Before this project, similar wing design was used particularly for 
gliders with high bending stress preventing the use with larger and heavier aircrafts. To 
overcome this issue, the wing had to be made from advanced composite materials and brace 
connecting the middle of the wing with fuselage was added to provide additional structural 
support. Another innovative feature is the ability to fold the wings next to the brace – wing 
connection for better manœuverability on the ground. Folding wingtips were already tested 
on the Boeing 777x, but this design takes the technology one step further. In the air, 
manœuverability is also negatively affected by the large wingspan, but this does not present 
a handicap for long distance aircraft. Wings connected to the top of the fuselage also open 
the possibility to mount larger diameter engines under the wing which would further 
increase efficiency.   
However, the wing design brings one major disadvantage. While wings of conventional 
aircraft are hollow and the whole structure is sealed to serve as integrated fuel storage, 
wings of TTBW aircraft are too thin to serve this purpose. Wet wing, as the wing fuel 
storage feature is called, offers efficient use of space, but the reasons behind its utilization 
are much more profound. Additional weight in the centre-positioned wings enhances centre 
of gravity and stabilises the aircraft, but also alleviates Aeroelastic flutter, a physical 
phenomenon creating unrestrained elastic motion fed by airflow which can cause a collapse 
of a structure. The lack of additional structural integrity provided by wet wing in 
combination with lighter composite construction and extended wingspan makes TTBW 
more prone to flutter. For these reasons, it is expected that next iteration of TTBW aircraft 
will include performance adaptive aeroelastic wing technologies such as the Variable 






Figure 4: Transonic Truss-Braced Wing aircraft concept (Boeing, 2019)  
4.2 Supersonic flight 
Since the grounding of Concorde in 2003, the option of supersonic commercial flights 
vanished, and the fastest operating aircrafts reached the speeds of 0.86 MACH (Speed of 
sound) which is still the case today. MACH speed was exceeded only two times in the 
history of commercial aviation and both aircrafts ended its service long time ago. Tupolev 
Tu-144, the Soviet supersonic aircraft entered service 2 months before Concorde in 
December of 1968 and was retired from commercial flights after 1 year due to safety issues 
and high operation costs. Similar problems were dealt with by Concorde which had slightly 
lower fuel burn due to the ability to fly above MACH speed without the use of afterburners. 
Unlike Tupolev, extensive testing was performed on Concorde to ensure safe operation. 
The interest of wealthy clientele made it possible to operate the aircraft for 27 years even 
though it burned 5x more fuel per passenger than standard commercial aircraft.  
There were several major shortcomings which eventually led to its termination. Due to 
shock wave caused by breaking the sound barrier and associated loud noise resembling an 
explosion which is called the Sonic boom, the aircraft was banned from flying overland. It 
was also efficient only for long distances, so the number of feasible routes was very low 
and towards the end of its existence, there was only one regular flight from London to New 
York. Another setback was the accident in 2000 after which the number of loyal passengers 
dropped and together with higher maintenance costs after many years of service, further 
flights became unfeasible.  
